Data have been compiled from the published literature on the partition coefficients of solutes and vapors into the anhydrous linear alcohols (methanol through 1-heptanol, and 1decanol) from both water and from the gas phase. The logarithms of the water-to-alcohol partition coefficients (log P) and gas-to-alcohol partition coefficients (log K) were correlated with the Abraham solvation parameter model. The derived correlations described the observed log P and log K values to within average standard deviations of 0.14 and 0.12 log units, respectively. The predictive abilities of the each correlation were assessed by dividing databases into a separate training set and test set. 2
Introduction
The solubility of crystalline solutes in both neat organic solvents and mixtures has received considerable attention in recent years due to the important role that solubility plays in the manufacture of new chemical materials and pharmaceutical products. For newly synthesized compounds, supply is often very limited and there is not always sufficient material to measure the compound's solubility in every solvent of possible interest. To address this concern, researchers have turned to predictive methods for estimating solubility when experimental data are unavailable. Several methods have been developed for predicting solubility from solely molecular structure considerations, from measured physical properties, or from experimental solubility data for the solute dissolved in a few select organic solvents.
The predictive method that we have been using is based on the Abraham general solvation model [1] [2] [3] [4] [5] [6] for solute transfer between two condensed phases log P = c + e·E + s·S + a·A + b·B + v·V (1) and for processes involving solute transfer from the gas phase to a condensed phase log K = c + e·E + s·S + a·A + b·B + l·L (2) The dependent variables in Eqns. 1 and 2 are the logarithm of the solute's water-to-organic solvent partition coefficient, log P, and the logarithm of the solute's gas-to-organic solvent partition coefficient, log K. For solubility predictions, the model assumes that the partition between water and the organic solvent is given by the ratio of molar solubilities of the solute in the organic solvent, C S sat , and in water, C W sat (i.e., P = C S sat /C W sat ). The gas-to-organic solvent partition is similarly calculated as the molar solubility in the organic solvent divided the solute gas phase concentration (i.e., K = C S sat /C G ), the latter value calculable from the solute vapor pressure above the solid at the solution temperature. The computation methodology is described in detail elsewhere. The independent variables in Eqns. 1 
where K W is the gas-to-water partition coefficient (unitless if concentrations in the gas phase and the aqueous phase are both in mol/L), or by combining the Abraham model and the Goss Modified Abraham model correlations, as we illustrated recently in determining solute descriptors for benzil [27] . Equation coefficients for the Goss Modified Abraham model have been reported for a few select organic solvents [27, 28] . For the present discussion, we assume that five log P values are available from measured solubility ratios and practical partition coefficient data. Five more equations in log K can be constructed with Eqn. 3, and two more equations in log Kw are also available. The gas-to-water partition coefficient of crystalline solutes, log K W , will normally have to be found by trial-and-error as vapor pressure data are not generally available. Starting with five log P values, no fewer than twelve equations will be available to calculate the four missing solute descriptors (S, A, B and L) and log K W . Once the solute descriptors are known, one can estimate the solute's solubility in more than 50 organic solvents using the Abraham model equation coefficients that we have published thus far.
Several of the Abraham model correlations that we are currently using to calculate solute descriptors were derived more than ten years ago. These earlier correlations are based on the limited experimental data that were available at the time. It is important to update periodically earlier correlations as additional experimental data become available to ensure that the predictive equations span as wide a range of descriptor space as possible. In the present study we have reanalyzed the available experimental log P and log K partition coefficient data for solutes dissolved in the anhydrous linear alcohols (methanol through 1-heptanol, and 1-decanol).
Abraham model correlations have been previously reported for these alcohol solvents [29] [30] [31] [32] .
The correlations that are presented here are based on much larger databases, and include a much larger number of the more acidic solutes (such as the crystalline benzoic acid derivatives) and a much larger number of the more nonvolatile solutes. The larger databases allow us to validate the derived correlations through training set and test set analyses. The experimental log P and log K databases are also given, as well as the literature references for where the published data were taken. Our previous publications reported the databases for only methanol [29] , ethanol [30] and 1-propanol [31] . Updated correlations for the dry linear, secondary and branched alcohols are needed. Several research groups have begun publishing solubility data for crystalline pesticides and pesticide intermediates (i.e., 2-(4-ethylbenzoyl)benzoic acid [33] ) and pharmaceutical drug molecules and intermediates (such as lovastatin [34] , isonicotinic acid [35] , pimozide [36] , 4-aminobenzenesulfonamide [37] and meloxicam [38] ) dissolved in alcohol solvents. Updated correlations allow us to utilize better the recently published solubility data in solute descriptor computers.
Data Sets and Computation Methodology
Most of the experimental data that we were able to retrieve from the published literature pertained either to the Raoult's law infinite dilution activity coefficient, γ solute  , Henry's law constants, K Henry , or solubilities for solutes dissolved in the eight 1-alcohol solvents (methanol through 1-heptanol, and 1-decanol). In order to apply the Abraham model, the infinite dilution activity coefficients and Henry's law constants needed to be converted to log K values through Eqns. 4 and 5
or log P values for partition from water to the anhydrous 1-alcohols through Eqn. (2) . In equations 4 and 5 R is the universal gas constant, T is the system temperature, P solute o is the vapor pressure of the solute at T, and V solvent is the molar volume of the solvent. The calculation of log P requires knowledge of the solute's gas phase partition coefficient into water, K w , which is available for most of the solutes being studied. The experimental log K and log P values at 298 K for anhydrous methanol, ethanol, 1-propanol, 1-butanol, 1-pentanol, 1-hexanol, 1-heptanol and 1-decanol are listed in Tables S1-S8 (Supporting information). Also included in the Supporting information are the literature references pertaining to the log K and log P data. As an informational note, the calculated log P values for the anhydrous alcohols refer to a hypothetical partition coefficient. Even though hypothetical, these log P correlations are still quite useful in that predicted log P values can be used to estimate the solute's infinite dilution activity coefficient or molar solubility in the anhydrous alcohol solvent for those solutes for which the solute descriptors are known.
Our experimental databases also contain measured solubility data for several crystalline solutes dissolved in both the anhydrous 1-alcohols and in water. The solubility data were taken largely from our previously published solubility studies. At the time that our solubility studies were performed we included solvents for which we planned to update and to derive correlation equations in the future. In the case of crystalline solutes, the partition coefficient between water and the anhydrous organic solvent is calculated as a solubility ratio
of the solute's molar solubilities in the organic solvent, C S , and in water, C W . Molar solubilities can also be used to calculate log K values, provided that the equilibrium vapor pressure of the solute above crystalline solute, P solute o , at 298 K is also available. P solute o can be transformed into the gas phase concentration, C G , and the gas-to-water and gas-to-organic solvent partitions, K W and K, can be obtained through the following equations
The vapor pressure and aqueous solubility data needed for these calculations are reported in our previous publications.
As noted in an earlier publication [3] , three conditions must be met to calculate partition coefficients from solubility data. The conditions are as follows: (1) the same solid phase must be in equilibrium with the saturated solutions in the solvent and in water (in practice this means that there should be no solvate or hydrate formation); (ii) the secondary medium activity coefficient of the solid in the saturated solutions must be unity (or near unity); and (iii) for the solutes that are ionized in aqueous solution, C W , must refer to the solubility of the neutral form. The second condition would restrict the method to those solutes that are sparingly soluble in water and in the organic solvent. Past applications [3, 10, 21, 27, 39] Molecular descriptors for all of the compounds considered in the present study are also tabulated in Tables S1 -S8. The tabulated values came from our solute descriptor database, and were obtained using various types of experimental data, including water-to-solvent partitions, gas-to-solvent partitions, solubility and chromatographic data. [2, 4] 
Results and Discussion
We have assembled in Table S1 (Supporting Information) refer directly to the chemical properties of the phase and are rather easier to interpret. In Figure 3 are plotted the coefficients in Eqn. 2 against the number of carbon atoms in the alcohol, using the coefficients in Table 2 , together with those for dry 1-octanol [34] and for water [41] . The coefficients for the alcohols fall on quite smooth curves, thus showing that the coefficients are consistent between one alcohol and another. The e-coefficient becomes slightly more positive along the alcohol series. The s-coefficient becomes less positive, indicating that the higher alcohols behave as being less dipolar than the lower alcohols. The a-coefficient relates to the hydrogen bond basicity of the phase, which decreases only slightly along the series. On the other hand, the b-coefficient, corresponding to the hydrogen bond acidity, decreases significantly. The l-coefficient, which may be taken as a measure of the phase hydrophobicity, increases as the alcohol becomes larger, as expected.
It is very interesting to compare the alcohol coefficients with those for solubility in water, because there are very large differences in several of the coefficients. Water is significantly more dipolar than the alcohols (with a large s-coefficient of 2.74), and is a very much stronger hydrogen bond acid (with a b-coefficient no less than 4.81). However, water is only slightly stronger as a hydrogen bond base (the a-coefficient is 3.90). These hydrogen bond properties of bulk water and bulk alcohols relative to each other would be difficult to deduce by other methods. Finally, again as expected, the l-coefficient for water (-0.213) is quite different from those for the alcohols. Indeed, we have found no dry organic solvent with an l-coefficient less than 0.44, for formamide [42] .
The present study shows that the correlations derived from the Abraham solvation parameter model provide reasonably accurate mathematical descriptions of solute transfer from both water and from the gas phase into the linear 1-alcohols. The derived correlations presented here do pertain to 298 K. Many manufacturing and separation processes take place at higher temperatures, and there is a growing need to determine partition properties into organic solvents at other temperatures. In this regard, we have recently published enthalpy of solvation correlations, ΔH solv , for organic gases and gaseous solutes into water [43] , methanol [44] , ethanol [44] and 1-butanol [44] . The ΔH solv correlations will allow one to extrapolate the predicted log P and log K based on Eqns. 1 and 2 to other temperatures not too far removed from 298 K. 
